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Hadronic decay widths of the newly observed charmed strange baryons, Ωc(3000)
0, Ωc(3050)
0,
Ωc(3066)
0, Ωc(3090)
0 and Ωc(3119)
0 have been calculated in a 3P0 model. Our results indicate that
Ωc(3066)
0 and Ωc(3090)
0 can be interpreted as the 1P−wave Ωc2(
3
2
−
) or Ωc2(
5
2
−
). Though the
measured masses of Ωc(3000)
0, Ωc(3050)
0 and Ωc(3119)
0 are lower than existed theoretical predic-
tions of 1D−wave Ωc, the hadronic decay features of these Ωc favor assignments of the 1D−wave
states. Ωc(3000)
0 is possibly Ωc1(
1
2
+
) or Ωc1(
3
2
+
), Ωc(3050)
0 is possibly Ωˆc3(
5
2
+
) or Ωˆc3(
7
2
+
), and
Ωc(3119)
0 is possibly Ωˆc3(
5
2
+
), Ωˆc3(
7
2
+
), Ωc3(
5
2
+
) or Ωc3(
7
2
+
). The predicted total decay widths in
these assignments are consistent with experiment.
PACS numbers: 13.30.Eg, 14.20.Lq, 12.39.Jh
I. INTRODUCTION
Very recently, five narrow excited Ω0c baryons were re-
ported by the LHCb collaboration [1]. Their masses and
decay widths were measured in Ω0c → Ξ
+
c K
− as follows,
Ωc(3000)
0 :M = 3000.4± 0.2± 0.1+0.3
−0.5 MeV
Γ = 4.5± 0.6± 0.3 MeV
Ωc(3050)
0 :M = 3050.2± 0.1± 0.1+0.3
−0.5 MeV
Γ = 0.8± 0.2± 0.1 MeV
Ωc(3066)
0 :M = 3065.6± 0.1± 0.3+0.3
−0.5 MeV
Γ = 3.5± 0.4± 0.2 MeV
Ωc(3090)
0 :M = 3090.2± 0.3± 0.5+0.3
−0.5 MeV
Γ = 8.7± 1.0± 0.8 MeV
Ωc(3119)
0 :M = 3119.1± 0.3± 0.9+0.3
−0.5 MeV
Γ = 1.1± 0.8± 0.4 MeV
The JP quantum numbers of these five Ω0c baryons have
not been measured.
According to Particle Data Group [2], two Ωc baryons
have been observed: the ground state Ω0c and Ωc(2770)
0
(also known as Ω∗c) with J
P = 12
+
and 32
+
, respectively.
No other Ωc baryon has been reported before the LHCb
experiment.
Theoretical predictions of the spectra of orbitally ex-
cited Ωc baryons have been conducted in many different
models [3–8]. Relevant references can be found in re-
views [9–11] and references therein. From the spectra,
∗Electronic address: zhangal@staff.shu.edu.cn
these newly observed baryons are most possibly the or-
bitally excited 1P or the radially excited 2S states. The-
oretical predicted masses of the orbitally excited 1D Ωc
baryons are 100−200MeV higher than the observed ones.
Since the report of LHCb, the spectra of orbitally ex-
cited Ω0c baryons have been explored in Refs. [12–15].
The hadronic decays of these baryons have also been
studied through QCD sum rules, chiral quark model or
other models in Refs. [13, 15–18]. In these explorations,
the observed Ω0c baryons were interpreted as the 1P or
2S Ωc, while the 1D possibility has not been explored for
their lower masses. However, the mass prediction may
be largely different in different models. As indicated in
Ref. [19], the mass prediction of the excited Λc and Ξc
baryons in Ref. [3] were really largely different from the
results in Ref. [4]. The study of 1D possibility of these
Ω0c through their hadronic decays is necessary.
For the understanding of these excited baryons, it
is useful to explore their hadronic decays in different
model for a cross-check. 3P0 model is a phenomenologi-
cal method to study the OZI-allowed hadronic decays of
hadrons. In addition to mesons, it is employed success-
fully to explain the hadronic decays of baryons [3, 9, 20–
24]. In this paper, 3P0 model will be employed to study
the hadronic decays of Ωc(3000)
0, Ωc(3050)
0, Ωc(3066)
0,
Ωc(3090)
0 and Ωc(3119)
0. In particular, the 1D possibil-
ity of these Ω0c will be examined in detail.
This work is organized as follows. In Sec.II, we give a
brief review of the 3P0 model. In Sec.III, we present our
numerical results. We give our conclusions and discus-
sions in Sec.IV.
II. BARYON DECAY IN THE 3P0 MODEL
Proposed by Micu[25] and later developed by Yaouanc
et al [24, 26, 27], 3P0 model is also known as a Quark
Pair Creation (QPC) model. It assumes that a pair
of quark qq¯ is created from the vacuum with JPC =
0++(2S+1LJ =
3P0), and then the created quarks re-
group with the quarks from the initial hadron A to form
2FIG. 1: Baryon decay process of A→ B+C in the 3P0 model.
two daughter hadrons B and C. The process of a baryon
decay is shown in Fig. I.
In the 3P0 model, the hadronic decay width Γ of a
process A→ B + C is as follows [27],
Γ = π2
|~p|
m2A
1
2JA + 1
∑
MJAMJBMJC
|MMJAMJBMJC |2, (1)
where mA and JA are the mass and total angular mo-
mentum of the initial baryon A, respectively. mB and
mC are the masses of the final hadrons. M
MJAMJBMJC
is the helicity amplitude, which reads [23]
MMJAMJBMJC
= −2γ
√
8EAEBEC
∑
MρA
∑
MLA
∑
MρB
∑
MLB
∑
MS1 ,MS3 ,MS4 ,m
〈JlAMJlAS3MS3 |JAMJA〉〈LρAMLρALλAMLλA |LAMLA〉
〈LAMLAS12MS12 |JLAMJLA 〉〈S1MS1S2MS2 |S12MS12〉
〈JlBMJlBS3MS3 |JBMJB 〉〈LρBMLρBLλBMLλB |LBMLB〉
〈LBMLBS14MS14 |J14MJ14〉〈S1MS1S4MS4 |S14MS14〉
〈1m; 1−m|00〉〈S4MS4S5MS5 |1−m〉
〈LCMLCSCMSC |JCMJC〉〈S2MS2S5MS5 |SCMSC 〉
× 〈ϕ1,4,3B ϕ
2,5
C |ϕ
1,2,3
A ϕ
4,5
0 〉 × I
MLA ,m
MLB ,MLC
(~p). (2)
The space integral I
MLA ,m
MLB ,MLC
(~p) follows as [28]
δ3(B + C)I
MLA ,m
MLB ,MLC
(~p)
=
∫
d~p1d~p2d~p3d~p4d~p5
× δ3(~p1 + ~p2 + ~p3 − ~pA)δ
3(~p4 + ~p5)
× δ3(~p1 + ~p4 + ~p3 − ~pB)δ
3(~p2 + ~p5 − ~pC)
×Ψ∗B(~p1, ~p4, ~p3)Ψ
∗
C(~p2, ~p5)
×ΨA(~p1, ~p2, ~p3)y1m
(
~p4 − ~p5
2
)
. (3)
Simple harmonic oscillator (SHO) wave functions
are employed as the baryon wave functions[3, 21, 22].
For practical calculations such as the flavor matrix
〈ϕ1,4,3B ϕ
2,5
C |ϕ
1,2,3
A ϕ
4,5
0 〉 and the space integrals in the
TABLE I: Quantum numbers of initial baryons
Assignments J Jl Lρ Lλ L Sρ
Ωc0(
1
2
−
) 1
2
0 0 1 1 1
Ωc1(
1
2
−
, 3
2
−
) 1
2
, 3
2
1 0 1 1 1
Ωc2(
3
2
−
, 5
2
−
) 3
2
, 5
2
2 0 1 1 1
Ω˜c1(
1
2
−
, 3
2
−
) 1
2
, 3
2
1 1 0 1 0
Ωc1(
1
2
+
, 3
2
+
) 1
2
, 3
2
1 0 2 2 1
Ωc2(
3
2
+
, 5
2
+
) 3
2
, 5
2
2 0 2 2 1
Ωc3(
5
2
+
, 7
2
+
) 5
2
, 7
2
3 0 2 2 1
Ωˆc1(
1
2
+
, 3
2
+
) 1
2
, 3
2
1 2 0 2 1
Ωˆc2(
3
2
+
, 5
2
+
) 3
2
, 5
2
2 2 0 2 1
Ωˆc3(
5
2
+
, 7
2
+
) 5
2
, 7
2
3 2 0 2 1
Ωˇ0c0(
1
2
+
) 1
2
0 1 1 0 0
Ωˇ1c1(
1
2
+
, 3
2
+
) 1
2
, 3
2
1 1 1 1 0
Ωˇ1c2(
3
2
+
, 5
2
+
) 3
2
, 5
2
1 1 1 1 0
model, more details were presented in Refs.[21, 23, 27,
28].
Two parameters, the β in SHO and the quark pair cre-
ation strength γ, are adopted as those in Refs. [23, 28, 29].
γ = 13.4, and β = 476 MeV for meson K. For baryons,
a universal value β = 600 MeV is employed. The
masses of Ωc(3000)
0, Ωc(3050)
0, Ωc(3066)
0, Ωc(3090)
0
and Ωc(3119)
0 are taken as 3000.4 MeV, 3050.2 MeV,
3065.6 MeV, 3090.2 MeV and 3119.1 MeV, respectively.
Masses of K mesons and Ξc baryons are taken from
PDG [2].
The quantum numbers of the P-wave and D-wave
baryons are complicated [30, 31], and we follow the no-
tations in Ref. [23]. The quantum numbers involved in
the calculations are listed in Table I. In the table, Lρ
denotes the orbital angular momentum between the two
light quarks, Lλ denotes the orbital angular momentum
between the charm quark and the two light quark system,
L is the total orbital angular momentum of Lρ and Lλ.
Sρ denotes the total spin of the two light quarks, Jl is
total angular momentum of L and Sρ. J is the total an-
gular momentum of the baryons. The hat and the check
are also used to denote the assignments with Lρ = 2 and
Lρ = 1, respectively. The superscript L is adopted to
denote the different total orbital angular momentum in
Ωˇ LcJl .
III. NUMERICAL RESULTS
In the 3P0 model, uu¯, dd¯ and ss¯ could be created from
the vacuum. However, there exists no experimental sig-
nal for the decay mode with a ss¯ creation. Once the
measured masses of Ωc baryons and the mass thresh-
old of the final particles, Ξ+c K
− and Ξ0cK
0, have been
taken into account, there are two decay channels for
Ωc(3000)
0, Ωc(3050)
0 and Ωc(3066)
0. For Ωc(3090)
0 and
3TABLE II: Decay widths (MeV) of Ωc(3000)
0 in different as-
signments.
Ωc(J
P ) Ξ+c K
− Ξ0cK
0 total
Ωc0(
1
2
−
) 7.2× 102 6.6× 102 1.4 × 102
Ωc1(
1
2
−
) 0.0 0.0 0.0
Ωc1(
3
2
−
) 0.0 0.0 0.0
Ωc2(
3
2
−
) 0.3 0.2 0.5
Ωc2(
5
2
−
) 0.3 0.2 0.5
Ω˜c1(
1
2
−
) 0.0 0.0 0.0
Ω˜c1(
3
2
−
) 0.0 0.0 0.0
Ωc1(
1
2
+
) 2.8 2.2 5.0
Ωc1(
3
2
+
) 2.8 2.2 5.0
Ωc2(
3
2
+
) 0.0 0.0 0.0
Ωc2(
5
2
+
) 0.0 0.0 0.0
Ωc3(
5
2
+
) 6.9× 10−4 6.9× 10−4 1.0 × 10−3
Ωc3(
7
2
+
) 6.9× 10−4 6.9× 10−4 1.0 × 10−3
Ωˆc1(
1
2
+
) 25.7 19.4 45.1
Ωˆc1(
3
2
+
) 25.7 19.4 45.1
Ωˆc2(
3
2
+
) 0.0 0.0 0.0
Ωˆc2(
5
2
+
) 0.0 0.0 0.0
Ωˆc3(
5
2
+
) 6.8× 10−3 3.5× 10−3 1.3 × 10−2
Ωˆc3(
7
2
+
) 6.8× 10−3 3.5× 10−3 1.3 × 10−2
Ωˇ0c0(
1
2
+
) 0.0 0.0 0.0
Ωˇ1c1(
1
2
+
) 0.0 0.0 0.0
Ωˇ1c1(
3
2
+
) 0.0 0.0 0.0
Ωˇ1c2(
3
2
+
) 0.0 0.0 0.0
Ωˇ1c2(
5
2
+
) 0.0 0.0 0.0
Ωc(3119)
0, Ξ
′+
c K
− and Ξ
′0
c K
0 are also allowed. Possible
decay modes and corresponding hadronic decay widths
of these Ωc baryons in different P−wave and D−wave
assignments have been computed and presented in from
Table II to Table VI. The vanish modes in these five ta-
bles indicate forbidden channels.
All the five new Ω0c baryons were observed in the
Ξ+c K
− channel. The decay width of Ωc(3000)
0 is
ΓΩc(3000)0 = (4.5 ± 0.6 ± 0.3) MeV. From the results in
Table II, the most possible assignment of Ωc(3000)
0 is
Ωc1(
1
2
+
) or Ωc1(
3
2
+
). In these two assignments, the total
decay widths are the same 5.0 MeV, which is very close
to the experimental data.
The experimental measured decay width of Ωc(3050)
0
is extremely narrow, which is smaller than 1.0 MeV.
From Table III, the possible assignment of Ωc(3050)
0 is
Ωˆc3(
5
2
+
) or Ωˆc3(
7
2
+
). The theoretical prediction of the
decay width is 0.2 MeV.
For Ωc(3066)
0, the measured decay width is (3.5±0.4±
0.2) MeV. From Table IV, the total decay widths of
Ωc2(
3
2
−
) and Ωc2(
5
2
−
) are the same 8.5 MeV, which is
a little larger than the experimental result. Under the
theoretical uncertainty, these assignments are possible for
TABLE III: Decay widths (MeV) of Ωc(3050)
0 in different
assignments.
Ωc(J
P ) Ξ+c K
− Ξ0cK
0 total
Ωc0(
1
2
−
) 1.0 × 103 1.0× 103 2.0× 103
Ωc1(
1
2
−
) 0.0 0.0 0.0
Ωc1(
3
2
−
) 0.0 0.0 0.0
Ωc2(
3
2
−
) 2.9 2.4 5.3
Ωc2(
5
2
−
) 2.9 2.4 5.3
Ω˜c1(
1
2
−
) 0.0 0.0 0.0
Ω˜c1(
3
2
−
) 0.0 0.0 0.0
Ωc1(
1
2
+
) 10.0 8.9 18.9
Ωc1(
3
2
+
) 10.0 8.9 18.9
Ωc2(
3
2
+
) 0.0 0.0 0.0
Ωc2(
5
2
+
) 0.0 0.0 0.0
Ωc3(
5
2
+
) 1.4 × 10−2 1.1× 10−2 2.5× 10−2
Ωc3(
7
2
+
) 1.4 × 10−2 1.1× 10−2 2.5× 10−2
Ωˆc1(
1
2
+
) 89.4 80.4 168.8
Ωˆc1(
3
2
+
) 89.4 80.4 168.8
Ωˆc2(
3
2
+
) 0.0 0.0 0.0
Ωˆc2(
5
2
+
) 0.0 0.0 0.0
Ωˆc3(
5
2
+
) 0.1 0.1 0.2
Ωˆc3(
7
2
+
) 0.1 0.1 0.2
Ωˇ0c0(
1
2
+
) 0.0 0.0 0.0
Ωˇ1c1(
1
2
+
) 0.0 0.0 0.0
Ωˇ1c1(
3
2
+
) 0.0 0.0 0.0
Ωˇ1c2(
3
2
+
) 0.0 0.0 0.0
Ωˇ1c2(
5
2
+
) 0.0 0.0 0.0
Ωc(3066)
0.
For Ωc(3090)
0 and Ωc(3119)
0, the channels Ξ
′+
c K
− and
Ξ
′0
c K
0 open. In Table V and Table VI, many chan-
nels decaying to Ξ+c K
− and Ξ0cK
0 are forbidden while
to Ξ
′+
c K
− and Ξ
′0
c K
0 are not. In particular, the total
decay widths of Ωc(3090)
0 and Ωc(3119)
0 in some assign-
ments are extremely large. In comparison with experi-
ment, the possible assignment for Ωc(3090)
0 is Ωc2(
3
2
−
)
or Ωc2(
5
2
−
), and four D−wave assignments are possible
for Ωc(3119)
0: Ωc3(
5
2
+
), Ωc3(
7
2
+
), Ωˆc3(
5
2
+
) and Ωˆc3(
7
2
+
).
In these assignments, the decay widths to Ξ
′+
c K
− and
Ξ
′0
c K
0 channels are very tiny and could be neglected.
IV. CONCLUSIONS AND DISCUSSIONS
In this work, we study the hadronic decays of five newly
observed baryons Ωc(3000)
0, Ωc(3050)
0, Ωc(3066)
0,
Ωc(3090)
0 and Ωc(3119)
0 in the 3P0 model. In differ-
ent assignments of 1P−wave and 1D−wave Ωc, hadronic
decay widths of these baryons have been calculated.
In comparison with experiment, possible assignments of
4TABLE IV: Decay widths (MeV) of Ωc(3066)
0 in different
assignments.
Ωc(J
P ) Ξ+c K
− Ξ0cK
0 total
Ωc0(
1
2
−
) 1.1× 103 1.1× 103 2.2 × 103
Ωc1(
1
2
−
) 0.0 0.0 0.0
Ωc1(
3
2
−
) 0.0 0.0 0.0
Ωc2(
3
2
−
) 4.6 3.9 8.5
Ωc2(
5
2
−
) 4.6 3.9 8.5
Ω˜c1(
1
2
−
) 0.0 0.0 0.0
Ω˜c1(
3
2
−
) 0.0 0.0 0.0
Ωc1(
1
2
+
) 12.8 11.7 24.5
Ωc1(
3
2
+
) 12.8 11.7 24.5
Ωc2(
3
2
+
) 0.0 0.0 0.0
Ωc2(
5
2
+
) 0.0 0.0 0.0
Ωc3(
5
2
+
) 2.6× 10−2 2.1× 10−2 4.7 × 10−2
Ωc3(
7
2
+
) 2.6× 10−2 2.1× 10−2 4.7 × 10−2
Ωˆc1(
1
2
+
) 1.1× 102 1.0× 102 2.1 × 102
Ωˆc1(
3
2
+
) 1.1× 102 1.0× 102 2.1 × 102
Ωˆc2(
3
2
+
) 0.0 0.0 0.0
Ωˆc2(
5
2
+
) 0.0 0.0 0.0
Ωˆc3(
5
2
+
) 0.3 0.2 0.5
Ωˆc3(
7
2
+
) 0.3 0.2 0.5
Ωˇ0c0(
1
2
+
) 0.0 0.0 0.0
Ωˇ1c1(
1
2
+
) 0.0 0.0 0.0
Ωˇ1c1(
3
2
+
) 0.0 0.0 0.0
Ωˇ1c2(
3
2
+
) 0.0 0.0 0.0
Ωˇ1c2(
5
2
+
) 0.0 0.0 0.0
these Ω0c have been made.
All the five Ω0c baryons were observed in the Ξ
+
c K
−
channel with very narrow decay widths. Our results
indicates that these Ω0c could be P−wave or D−wave
Ω0c baryons. Ωc(3000)
0 is possibly 1D−wave Ωc1(
1
2
+
)
or Ωc1(
3
2
+
). Ωc(3050)
0 is possibly 1D−wave Ωˆc3(
5
2
+
)
or Ωˆc3(
7
2
+
). Ωc(3066)
0 is possibly 1P−wave Ωc2(
3
2
−
)
or Ωc2(
5
2
−
). The possible assignment for Ωc(3090)
0 is
1P−wave Ωc2(
3
2
−
) or Ωc2(
5
2
−
), and four D−wave assign-
ments Ωc3(
5
2
+
), Ωc3(
7
2
+
), Ωˆc3(
5
2
+
) and Ωˆc3(
7
2
+
) are pos-
sible for Ωc(3119)
0. The predicted decay widths are con-
sistent with experimental data.
In experiment, only Ω0c → Ξ
+
c K
− were observed, which
may not provide enough information on their identifica-
tion. Furthermore, resonance with the same JP numbers
and similar masses may mix with each other, which may
make it difficult to distinguish them. As for 1D−wave
Ωc, the channels Ξ
′+
c K
− and Ξ
′0
c K
0 is hardly to be ob-
served for the tiny decay widths. More information on
these Ωc baryons are expected to be given in forthcoming
experiment.
TABLE V: Decay widths (MeV) of Ωc(3090)
0 in different as-
signments.
Ωc(J
P ) Ξ+c K
− Ξ0cK
0 Ξ
′
+
c K
− Ξ
′
0
c K
0 total
Ωc0(
1
2
−
) 1.2× 103 1.1 × 103 0.0 0.0 2.3× 103
Ωc1(
1
2
−
) 0.0 0.0 3.6 × 102 3.1× 102 6.7× 102
Ωc1(
3
2
−
) 0.0 0.0 3.0×10−2 1.2×10−2 4.2×10−2
Ωc2(
3
2
−
) 8.0 7.0 5.3×10−2 2.2×10−2 15.1
Ωc2(
5
2
−
) 8.0 7.0 2.3×10−2 9.9×10−3 15.1
Ω˜c1(
1
2
−
) 0.0 0.0 5.4 × 102 4.6× 102 1.0× 103
Ω˜c1(
3
2
−
) 0.0 0.0 0.2 0.1 0.3
Ωc1(
1
2
+
) 17.4 16.3 0.4 0.2 34.3
Ωc1(
3
2
+
) 17.4 16.3 0.1 0.1 33.9
Ωc2(
3
2
+
) 0.0 0.0 0.9 0.5 1.4
Ωc2(
5
2
+
) 0.0 0.0 4.0×10−5 1.1×10−5 5.1×10−5
Ωc3(
5
2
+
) 5.7×10−2 4.8×10−2 4.5×10−5 1.3×10−5 0.1
Ωc3(
7
2
+
) 5.7×10−2 4.8×10−2 2.5×10−5 7.6×10−6 0.1
Ωˆc1(
1
2
+
) 1.6× 102 1.5 × 102 3.4 2.0 3.1× 102
Ωˆc1(
3
2
+
) 1.6× 102 1.5 × 102 0.8 0.5 3.1× 102
Ωˆc2(
3
2
+
) 0.0 0.0 7.6 4.6 12.6
Ωˆc2(
5
2
+
) 0.0 0.0 3.9×10−4 1.2×10−4 5.1×10−2
Ωˆc3(
5
2
+
) 0.6 0.5 4.5×10−4 1.3×10−4 1.0
Ωˆc3(
7
2
+
) 0.6 0.5 2.5×10−4 7.5×10−5 1.0
Ωˇ0c0(
1
2
+
) 0.0 0.0 6.7 4.1 10.8
Ωˇ1c1(
1
2
+
) 0.0 0.0 0.0 0.0 0.0
Ωˇ1c1(
3
2
+
) 0.0 0.0 0.0 0.0 0.0
Ωˇ1c2(
3
2
+
) 0.0 0.0 3.4 2.0 5.4
Ωˇ1c2(
5
2
+
) 0.0 0.0 3.9×10−4 1.2×10−4 5.1×10−4
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